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To quantify the dose-response relation of irritant-
induced erythema, we examined inflammation in 
human skin after application of an irritant, using 
perpendicular polarized photography and diffuse re-
flectance spectroscopy as compared to clinical visual 
scoring. The ventral foreartns of 11 healthy subjects 
were patch-tested for 24 h under occlusion in finn 
chambers with five concentrations of the irritant 
sodium lauryl sulfate. The tested sites and three 
control sites were evaluated clinically for erythema at 
24, 48, and 72 h after occlusion, photographed using 
standard and perpendicular polarized photography, 
and measured by diffuse reflectance spectroscopy. All 
photographs were evaluated for erythema by three 
investigators. Diffuse reflectance spectra were ana-
lyzed, and changes in apparent oxyhemoglobin and 
nflammatory responses are very heterogeneous and difficult 
to quantify. Previo us w ork has shown that the cutaneous 
inflammatory responses induced by an irritant are different 
from the responses induced by ultraviolet B or by a classic 
allergen, such as nickel sulfate [1,2]. Irritant responses have 
been investigated by a variety of techniques, including thermo-
graphic assessment [1 ], ultrasoun d [2], laser Doppler flowmetry [3], 
transepidermal water loss (TEWL) and skin conductance determi-
nations [4], and diffuse reflectan ce measurements [5- 8]. 
Photography with perpendicular polarized light can selectively 
enhance visualization of subsurface features of the skin such as 
erythema [9,+]. D iffuse reflectance spectroscopy (DRS), on the 
o ther hand, provides a very sensitive measurement of skin color. 
These m easuremen ts are reproducible and objective and allow 
identifica tion and quantification of changes in the apparent con-
centrations of the skin chromophores oxyhemoglobin (Hb02), 
deoxyhemoglobin (Hb), and melanin in vivo. 
This study investigated the dose-response relation of irritant-
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deoxyhemoglobin concentrations were estitnated. 
Clinical and photographic assessments of erythema 
yielded similar linear dose-response relations. A lin-
ear dose-response relation, with no minimum thresh-
old, also was obtained for changes in the apparent 
oxyhemoglobin concentration with increasing irri-
tant dose, whereas the apparent deoxyhemoglobin 
concentrations were unchanged with increasing 
dose. These results show that diffuse reflectance spec-
troscopy pertnits the characterization of irritant-in-
duced inflammation in tertns of a single parameter, 
the apparent concentration of oxyhemoglobin, and 
that irritant-induced inflammation primarily in-
volves the capillaries and the superficial arterial 
plexus. K ey words: erythema/skin/polariz ed photography. 
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induced inflammation on normal h uman skin using standard and 
perpendicular polarized photography and D R S, and compared 
these results to clinical assessment of the same responses. We chose 
the anionic surfactant sodium lauryl sulfate (SLS) because skin 
reactions to SLS have been well characterized and SLS is a common 
irritant used in patch testing [10 - 15]. 
MATERIALS AND METHODS 
Eleven healthy subjects with no history of irritant dennatitis were divided 
into two groups. At intervals of 3 months, the left ventral foreanns were 
patch-tested with serially diluted aqueous solutions of 0.13, 0.25, 0.50,1.00, 
and 2.00% SLS . Fifty-microliter aliquots were applied to Whatman filter 
paper in 8-mm finn chambers on Scanpore 20 tape. Three control sites were 
used on each subject: an empty chamber, a dry patch, and a patch wetted 
with a 50-ILl aliquot of distilled, deionized water. All test sites were 
occluded for 24 h. After 24 h, the occlusion and patch chambers were 
removed and the skin was rinsed with tap water, gently blotted, and allowed 
to air-dry for 20 min. All test sites and controls were photographed with 
standard and perpendicular polarized photography and measured using 
DRS at 24,48, and 72 h after occlusion (i .e., immediately after and at 24 and 
48 h after removal of the occlusive patch). A single investigator evaluated 
erythema clinically at all sites at each time point using a standard four-point 
scale (0 = no reaction; 3 = strong positive reaction). 
Photogr aphic T e chniques Polarized photography has been described 
previously [:1:]. A Minolta X-700 camera body equipped with a Tamron 
90-mm lens and 2 X teleconverter was used for both standard and polarized 
photography. Standard photographs were obtained with a Spiralite 20 
AC-powered flash mounted at a 30° angle to the horizontal direction; the 
diaphragm was set at fl8, and Kodachrome 25 ASA film was used from a 
single production batch. 
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Figure 1. A melanin-corrected DRS spectrum is fitted with con-
centration-adjusted absorption spectra ofHbOz and Hb. The points 
represent the melanin-corrected experimental DRS spectrum. The upper 
dashed curve represents the calculated Hb02 concentration and the lower 
dashed curve represents the calculated Hb concentration. The solid line is the 
linear combination of the calculated Hb02 and Hb concentrations, showing 
the closeness of fit to the experimental curve. 
Framing was controlled by placing the arm in a positioning apparatus. 
This permitted reproducible framing of the arm in the camera viewfinder for 
each subject. Photographic records were assessed for positive erythema 
response by three investigators using a 10-point scale (0 = no response; 9 = 
severely positive response) . This scale permitted identification of changes in 
erythema more subtle than those identified and assessed with the standard 
four-point scale used in clinical evaluations . All photographs were graded in 
one sitting, and the investigators were blinded to the order of the 
photographs with respect to the subjects and visits. 
Polarized Photography Both the excitation source of illumination (a 
Minolta 80PX ring flash) and the camera lens were fitted with linear 
polarizing filters. Perpendicular polarized photography occurs when the 
polarizations of the two filters are perpendicular to each other. Polarized 
photographs were taken with a shutter speed set on automatic mode, with 
the diaphragm set atf/22, and using Ektachrome ASA 100 film from a single 
production batch. Framing and assessment of polarized photographs were 
performed as described above. 
Diffuse Reflectance Spectroscopy An absorption spectrometer 
(Hewlett-Packard 8452A DAS) was modified for diffuse reflectance (DR) 
measurements and operated in the remittance mode. The spectrometer light 
source was replaced with a tungsten lamp (Sylvania Model ESX-20MR16) 
operated with a very stable power supply. One arm of a bifurcated optic 
fiber bundle (individual fibers 30 J.Lm in diameter) was coupled to the lamp, 
and the other arm of the bundle was coupled to the spectrograph. The 
joined end of the bundle (3 mm diameter) was placed on the skin site to be 
measured. DR spectra were recorded every 2 nm from 400 to 820 nm. The 
resolution of the spectrometer was 2 nm, and the spectrometer was operated 
in the absorption mode. 
All DR measurements were referenced to a white standard surface, 
barium sulfate (BaS04 )-coated glass plate. Measurements were obtained by 
placing the joined end of the fiber bundle directly upon the skin, using 
minimal downward pressure. Repeated spectra were obtained, each of 
which took less than 1 second. When three successive spectra from the same 
skin site were identical, the last spectrum was recorded and stored. The DR 
spectra obtained from the skin site, referenced to the BaSO 4 standard, were 
recorded as apparent absorption spectra. The apparent absorption was 
calculated as the logarithm of the ratio of the remitted intensity from the 
BaS04 standard to the remitted intensity from the skin site. These spectra 
exhibited the same characteristic absorption bands and absorption maxima 
as the principal chromophores in skin, namely Hb02 , Hb, and melanin. 
DR spectra obtained from the SLS test sites were then referenced 
mathematically to spectra obtained from either the empty-patch chamber 
site or the wet-patch chamber site. The melanin absorption of each 
spectrum was subtracted, as described previously [16-18]. The change in 
the apparent concentration of Hb02 and Hb present at each SLS test site 
compared to the control site was estimated from its melanin-corrected 
spectrum. This was accomplished by calculating the concentrations of 
Hb02 and Hb necessary to produce a spectrum approximating closely that 
of the melanin-corrected spectrum. These calculations were carried out at 
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wavelengths of 560, 578, and 620 nm. Figure 1 shows graphically how this 
mathematical procedure was accomplished. An apparent concentration of 
one unit of Hb02 corresponds to the absorbance of a 6.6-J.LM solution of 
Hb02 in a 1-cm cuvette. 
Statistical Analysis Statistical analysis at different assessment time points 
between SLS dose and clinical assessment, photographic scores, and Hb02 
concentration was performed using a Wilcoxon signed-rank test. Differ-
ences giving a value of p < 0.05 were considered statistically significant. 
The slope (i.e., the change in a measured parameter with SLS concentra-
tion) defining the dose-response relation was calculated at each assessment 
time for each measurement technique by linear regression analysis. Slopes 
differing by more than 2 standard deviations were considered significantly 
different . 
RESULTS 
Polarized Photography Provides a Superior Record of Irri-
tant-Induced Erythema at 48 h After Application Figure 2 
shows the dose-response relation at 48 h after occlusion between 
SLS dose and mean erythema score assessed clinically and visually 
from each type of photograph. At 24 h (data not shown), the 
assessments from standard and perpendicular polarized photographs 
closely matched each other. Clinical assessments were slightly 
higher at each dose , probably because of the limited four-point 
scale used for these assessments. At 48 h, the clinical and perpen-
dicular polarized photographic assessments matched each other 
more closely, whereas the erythema assessments from standard 
photographs were lower. 
The observed time-course responses for erythema were very 
similar for each assessment method. The onset of erythema was 
observed at 24 h for SLS doses of 0.25% and higher, although a 
statistically significant increase in erythema relative to the control 
site was not observed until 1.00% SLS (p < 0.05). The maximum 
erythema at each SLS dose occurred at 48 h. No significant decrease 
in erythema was observed between 48 and 72 h. At 48 and 72 h, a 
statistically significant increase in erythema relative to the control 
site was observed for SLS doses of 0.25% and higher (p < 0.05). 
At each assessment time, the dose-response relation between SLS 
dose and degree of erythema assessed using clinical and photo-
graphic assessments was nearly linear from 0.00% to 1.00% SLS. 
The skin response saturated at approximately a 1.00% dose, and 
increasing the dose to 2.00% did not significantly increase the 
observed skin response at each assessment time. 
Considerable scatter was observed in the 24-h assessments, 
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Figure 2. Photographic and clinical assessments of erythema at 48 
h after SLS application demonstrate a linear dose-response relation 
for up to 1% irritant concentration. Erythema was assessed clinically 
(circles) and from standard (squares) and perpendicular pularized photographs 
(diamonds). Data are shown as mean ± standard error of the mean (n = 11). 
The dashed lines drawn through each data set show the dose-response 
relations between 0.0% to 1.0% SLS concentrations. All data points were 
significantly different from 0 (p < 0.05) for all SLS concentrations of 0.5% 
and greater. 
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Table I. Slope of the Dose-Response Relation for 
Irritant-Induced Erythema at 24, 48, and 72 h 
Post-Application a 
Time Post- Clinical Standard Polarized Hb02 
Application Assessment Assessment Assessment Concentration 
24 h 
(n = 7) 0.95 ± 0.22 1.59 ± 0.55 1.72 ± 0.44 0.18 ± 0.07 
48 h 
(n = 11) 1.42 ± 0.13 2.50±0.17 3.39 ± 0.09 0.59 ± 0.05 
72h 
(n = 11) 1.33 ± 0.03 2.87 ± 0.26 3.35 ± 0.16 0.36 ± 0.04 
a Data are presented as average value ::t: standard deviation. 
especially at the lowest SLS doses; this is reflected in the larger 
standard deviations at 24 h than at the other assessment times 
(Table I). The increased scatter probably resulted from the greater 
hydration of the skin immediately after removal of the occlusion 
(2 h) as compared to the later assessment times, when the skin had 
air-equilibrated. A non-zero response also was observed for the 
24-h assessments at 0.00% SLS by all three techniques. This is in 
contrast to the 48- and 72-h assessments, which revealed nearly no 
response for 0.00% SLS from clinical and standard photographic 
assessments and only a slight response from perpendicular polarized 
photographic assessments. 
The Apparent Concentration of Hb02 is Sufficient to 
Record the Dose-Response Relation of Irritant-Induced 
Erythema The mean apparent concentrations of Hb02 and Hb 
calculated at 24, 48, and 72 h after occlusion for each SLS dose are 
shown in Fig 3. A linear dose-response relation was observed at 
each assessment time between the SLS dose and the apparent Hb02 
concentration for SLS doses of 0.00% to 1.00%, when the treated 
site was referenced to the dry-patch control (Table I) . Nearly 
identical dose-response relations were obtained when the treated 
sites were referenced to the wet-patch control and also to the 
empty-patch control. 
The increase of erythema as a function of irritant dose, assessed 
by the slope of the dose-response line, was found to increase with 
the apparent concentration ofHb02 • A non-zero slope was evident 
at 24 h, reached a maximum at 48 h, and began decreasing by 72 h 
(Table I). When the individual responses were considered rather 
than the whole dose-response relation over the entire range of 
doses used, weaker statistical statements were obtained. At 24 h, we 
observed no statistically significant difference in Hb02 concentra-
tion relative to the control site for any SLS dose, whereas at 48 and 
72 h, a statistically significant increase in Hb02 concentration was 
apparent for SLS doses of 0.25% and higher (p < 0.05). The 
decrease in the apparent Hb02 concentration at 72 h indicates that 
the skin was in recovery from the irritant insult. This contrasts with 
the clinical and photographic assessments, which showed no 
change in erythema between 48 and 72 h. 
At 24 and 72 h, the calculated apparent Hb02 concentration for 
the 2.00% dose lay along the dose-response line. At 48 h, the 
response was below the predicted value, indicating a saturation 
response at this time. Apparent Hb concentration, on the other 
hand, was independent of SLS dose and the degree of induced 
erythema. Essentially no change in the apparent Hb concentration 
was observed at any assessment time or with increasing doses of 
irritant. 
DISCUSSION 
Photography using polarized light and a camera with an additional 
polarizing filter orthogonal to the one in the light source eliminates 
surface reflectance, therefore enhancing subsurface skin features 
such as erythema and pigmentation. This technique allows detec-
tion of subtle erythema, which is often missed in flash photography. 
Our photographic results demonstrate that the best time to evaluate 
irritant-induced erythema is 48 h after application and show the 
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importance of using minimal doses of irritant. Irritant doses greater 
than 1.0% lead to saturation in the responses and may cause 
conflicting results in comparative studies. We found that polarized 
light photography provid d added sensitivity for visualizing the 
intensity and extent of the erythema response. 
Inflammatory responses are highly dependent on the vascular 
compartments affected by the insult and the skin site affected 
[4,19,20]. Although very good qualitatively, clinical and photo-
graphic assessments are unable to quantify erythema changes 
accurately or identify the ascular components affected. These 
assessments are subjective and highly influenced by the color of the 
skin surrounding the inflamed site. A variety of bioengineering 
methods have been used to quantify objectively irritant-induced 
inflammation. Good results have been obtained from TEWL 
measurements [2,21,23] and from diffuse reflectance measurements 
of skin color [5]. DRS is a very sensitive technique to quantify skin 
color objectively and correlates very well with laser Doppler 
flowmetry measurements [24,25]. However, neither TEWL, skin 
color, nor laser Doppler flowmetry can identify the affected vascu-
lar compartments. When used in the remittance mode, DRS can 
objectively characterize and quantify cutaneous chromophores by 
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Figure 3. Hb02 concentration corresponds well with irritant con-
centration, whereas Hb concentration remains unchanged. Dose-
response relations for change in (a) apparent Hb02 concentration and (b) 
apparent Hb concentration at 24 h (circles), 48 h (squares), and 72 h 
(diamonds) after SLS application. Data are shown as mean ± standard error 
of the mean (n = 7 at 24 h; n = 11 at 48 and 72 h). The dashed lines drawn 
through each data set show the dose-response relations between 0.0% to 
1.0% SLS concentrations. At 48 and 72 h, the measured Hb02 concentra-
tions were significantly different from 0 (p < 0.05) for all SLS concentra-
tions of 0.25% and greater. *Measured concentrations are marginally 
significantly different from the concentrations measured at 24 h (0.10 > P > 
0.05). * * Measured concentrations are significantly different from those 
measured at 24 h (p < 0.05). An apparent absorption of1.0 unit corresponds 
to the same absorption of a 6.6-/-LM aqueous solution of Hb02 in a 1-cm 
cuvette. 
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their absorption spectra. We have determined that the fiber 
placement on the skin and the fiber bundle design interogate the 
capillaries and the upper superficial venular and arteriolar plexi. In 
a separate study on the effects of sympathetic blocks on the 
peripheral skin circulation, we determined that the DRS spectrom-
eter used in this study probes to the level of the arterio-venular 
shunts. 
Several conclusions may be reached from our DRS results. First, 
irritance may be characterized by a single parameter, Hb02 • A 
linear dose-response relation was observed between SLS dose and 
apparent concentration of Hb02 for doses of 0.00% to 1.00%. 
Essentially no change in the apparent concentration of Hb was 
observed among different SLS doses or evaluation times. On the 
other hand, Hb02 increased with increasing irritant concentration 
at each assessment time; these results agree with the clinical and 
photographic assessments. These results show that irritant-induced 
responses involve primarily the capillaries and the superficial arte-
rial plexus, with minimal involvement of the superficial venous 
plexus. This differentiation of the vascular compartments involved 
in the irritant response is not possible using techniques that measure 
total hemoglobin. Hb contributes only to the noise in these 
measurements and not to the erythema response. 
The results of the dose-response relations between Hb02 and 
irritant dose as a function of time after application indicate that by 
72 h, the skin is in recovery from the irritant insult. These results 
show greater sensitivity of the DRS measurements than of the 
clinical and photographic assessments. DRS measurements are not 
strongly influenced by the constitutive skin color, whereas visual 
and photographic assessments are. The objective nature and greater 
sensitivity of DRS in measuring irritant responses permit identifi-
cation of subtle changes in response that cannot be differentiated by 
visual criteria. 
The linear dose-response relation between erythema and SLS 
dose obtained from DRS agrees well with the relation obtained 
from TEWL measurements [4]. A direct comparison of the results 
from these two studies is difficult, however, because the results of 
the earlier study were presented as median values and percentiles, 
whereas our results are presented as mean values and standard error 
of the mean. Colorimetry measurements of skin color, expressed in 
terms of a *, yielded a nonlinear dose-response relation [4]. This is 
not surprising because a* is based on a nonlinear power transfor-
mation of intensity. In contrast, the skin color obtained from DRS 
measurements is directly related to the measured intensity. The 
advantages of DRS measurements as compared to TEWL and 
colorimetry measurements are the linear relation of the calculated 
values to the measured intensities and the additional information 
obtainable about the vascular compartments affected by the insult. 
We have thus determined that irritant-induced erythema can be 
characterized spectroscopically as due to a change in the concen-
tration of Hb02 exclusively. The response shows no threshold 
irritant concentration necessary for the induction of minimal ery-
thema. Therefore, DRS can differentiate irritant-induced erythema 
from ultraviolet-induced erythema; in the latter, both the apparent 
Hb02 and Hb concentrations change with dose, and a non-zero 
threshold exists [24,25]. 
DRS elucidates the vascular compartments involved and pro-
vides sensitivity in describing the time course of development of the 
dose-response relation. Polarized light photography used in con-
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junction with DRS allows determination of the extent of involve-
ment and gives information on the relative intensity of responses. 
We are gratiful to Dr. M. Davis and Ms . E. Glater for their h.elp during the 
experiment and analysis of the data, and to Mr. M. Forrest for the photography. 
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